Objective: To quantify the contribution of acute versus postacute care factors to survival and functional outcomes after hip fracture.
P ostacute care represents a large and growing source of US health care spending. Medicare spending for postacute care exceeded $62 billion in 2012, 1 with evidence that spending on postacute care has increased far out of proportion to total Medicare spending for patients hospitalized with common conditions. 2 Nonetheless, little is known regarding the relative impact of variations in the quality of care across acute versus postacute settings on survival and functional outcomes after an inpatient care episode. Such information may help health systems determine how to best direct resources under bundled payment models, 3 assist policy-makers in selecting targets for quality improvement initiatives, and guide patients' care choices.
We examined the relative contribution of acute and postacute care facility factors to clinical outcomes among fee-for-service Medicare beneficiaries treated for acute hip fracture, a common and highly morbid event. 4, 5 Using a large national cohort of previously ambulatory nursing home residents hospitalized with hip fracture, we quantified the contribution of selected acute and postacute care facility factors to explaining variations in the probability of dying or developing new total dependence in locomotion at up to 180 days after hospital discharge, and to explaining the probability of death at 30 and 180 days after discharge. We hypothesized that, taken together, nursing home characteristics would explain a greater share of the variation in outcomes than would hospital characteristics.
METHODS

Study Design
Comparing the contribution of acute and postacute care facility factors to a patient's outcome requires that the patient in question received both acute and postacute care. The relative contribution of acute care versus postacute care factors to outcomes cannot be calculated for patients who do not receive postacute care, such as those who die in hospital.
At the same time, an analysis restricted to those patients who survive hospitalization may yield misleading findings as it censors inhospital deaths. If inpatient mortality is higher in certain hospitals, an analysis limited to hospital survivors may underestimate the importance of hospital factors to patient outcomes by ignoring the potential contribution of such characteristics to survival.
To address this issue, we present 2 complementary analyses ( Fig. 1 ) using a pair of overlapping samples. The "hospital admission sample" includes all patients in our cohort hospitalized with hip fracture. The "nursing home admission sample" examines those patients from the first sample who survived hospitalization and received nursing home care within 180 days of hospital discharge.
We first measure the association of selected hospital factors with an endpoint of inpatient mortality within the hospital admission sample to characterize the contribution of hospital factors to the probability of surviving to discharge. Next, we compare the contribution of nursing facility factors versus hospital factors to the primary study outcome, namely the development of new total dependence in locomotion or death at 180 days after hospital discharge among patients in the nursing home admission sample. This endpoint was selected as the primary study outcome because the restoration of ambulatory ability represents the primary goal of acute and postacute care for hip fracture patients, and because hip fracture patients view the preservation of independence as an endpoint of primary importance. 6, 7 We also compare the contribution of nursing facility versus hospital factors to 2 secondary outcomes within nursing home admission sample: death before 30 days after discharge and death before 180 days after discharge.
Data Sources and Study Sample
Our study sample came from a previously characterized cohort of Medicare fee-for-service beneficiaries hospitalized with hip fracture between January 1, 2005 and June 30, 2009 who resided in a nursing facility during the 180 days before hip fracture and who could ambulate without human assistance before fracture. 8 We focused on nursing home residents with hip fracture because they are at high risk of poor short-term and long-term outcomes after fracture 8 and because they are commonly discharged to nursing facilities versus other settings for postacute care, 9 reducing the potential influence on outcomes of selection of individual patients into different postacute care settings. 10 Data came from: (1) Medicare Provider Analysis and Review (MedPAR) files, which contain hospital discharge abstracts for fee-for-services Medicare beneficiaries; (2) the Medicare Beneficiary Summary File, which contains vital status and HMO enrollment data; (3) the Medicare Provider of Services (POS) and the Online Survey Certification and Reporting (OSCAR) databases, which contain information on hospital and nursing home facility characteristics; (4) the Medicare Long-Term Care Minimum Data Set, which contains clinical assessment data collected at admission and every 92 days for long-stay nursing home residents; and (5) the Medicare Nursing Home Compare Web site. 11 Hip fracture admissions and surgical procedures were identified using ICD-9-CM diagnosis and procedure codes, 12 which are highly sensitive and specific for hip fracture diagnoses and treatments. 13 We identified individuals who were residing in a nursing home during the 180 days before fracture based on the presence of Z2 admissions or quarterly MDS assessments in the 180 days before the hip fracture admission date as in prior work. 8 For patients with >1 hip fracture admission over this period, only the first admission was used in our analysis. We excluded patients who were admitted directly from another acute care hospital. Because our goal was to examine recovery of independence in locomotion as a study outcome, we restricted our analysis to those patients who were able to ambulate with or without human assistance before fracture, as recorded in the last MDS assessment before fracture.
Independent Variables Acute and Postacute Care Facility Factors
We obtained data on the following hospital characteristics: (1) nurse-to-bed ratio 14 ; (2) 16 To obtain a measure of past hospital performance for hip fracture care, we calculated observed-to-expected (O:E) ratios for 30-day hip fracture mortality based on data from January 1, 2003 through December 31, 2003 as described elsewhere 17 ; hospitals with Z50 hip fractures per year or more were classified into one of 4 quartiles of historical riskadjusted mortality (high, high-moderate, low-moderate, and low) based on O:E ratio. As O:E ratios may be unreliable for low-volume facilities, 18 we did not calculate them for facilities with <50 cases per year; instead, these facilities were grouped into a fifth category of "low-volume" facilities for purposes of comparison.
We obtained data on the following nursing home factors: (1) ownership status (for-profit, nonprofit, government) 19, 20 ; (2) hospital-based versus non-hospital-based location 21 ; (3) use of advance practice nurses 22 ; (4) chain membership 19, 23, 24 ; (5) presence of a full-time director of nursing 25 ; (6) bed count (< 100 beds; 100-149 beds; Z150 beds) 21, 26 ; (7) payer mix; (8) occupancy rate 27 ; (9) staff hours per resident per day for registered nurses, licensed practical nurses, and nurse aides 28 ; and (10) hospital referral region-level nursing home market concentration, as measured by the Herfindahl-Hirschman index.
We obtained information on 7 publicly reported nursing home quality measures from the Nursing Home Compare Web site, which each were available for at least 95% of patients in the study sample; missing values for these items were handled by mean imputation. Data were linked to the study dataset for the quarter corresponding to each patient's hospital discharge; measures assessed related to the percent of long-stay residents whose need for help with activities of daily living (ADLs) has increased; who spend most of their time in bed or in a chair; who have/had a catheter inserted and left in their bladder; who have depressive symptoms; who self-report moderate to severe pain; who were physically restrained; and who had a urinary tract infection. 29 For patients who received care at multiple nursing facilities before and after their index hospitalization, or who received care at multiple nursing homes following discharge, we used data on the first nursing home where the patient received treatment after discharge.
Patient Covariates
We used MedPAR data to characterize patient age, sex, and race. Hip fracture types were classified as femoral neck, intertrochanteric, subtrochanteric, or multiple locations based on ICD-9-CM diagnosis codes. 12 For each patient, we calculated the Charlson comorbidity index based on ICD-9-CM diagnosis codes from the index hospitalization and all hospitalizations over the preceding 180 days using validated algorithms. 30 We used data from the last MDS assessment before fracture to calculate summary scores for baseline selfperformance in ADLs and cognitive performance. ADL independence was summarized using the MDS-ADL score of Morris et al. 31 The MDS-ADL score ranges from 0 to 28 and sums scores for MDS assessments of each of 7 ADLs (locomotion, dressing, personal hygiene, toilet use, transferring, getting in and out of bed, eating) from 0 (independence) to 4 (total dependence) over a 7-day assessment window.
Prefracture cognitive function was characterized using the MDS Cognitive Performance Scale, which grades cognition on a 7-point scale ranging from "intact" to "very severe impairment." 32 As with the MDS-ADL score, Cognitive Performance Scale scores were calculated using data from the last MDS assessment available before fracture.
Dependent Variables
Within the hospital admission sample, we examined an outcome of death during hospitalization; within the nursing home admission sample, we examined a primary study outcome of new total dependence in locomotion or death within 180 days after hospital discharge. The presence of new total dependence in locomotion was assessed based on the last available MDS assessment within 180 days after discharge. We included death in this outcome as failure to account fully for decedents in analyses of functional outcomes can lead to spurious results due to survivorship bias; as longitudinal studies of functional outcomes that do not account for death (ie, "complete-case analyses") can produce misleading results, we did not carry out a comparison of functional outcomes restricted only to survivors. 33, 34 We also examined 2 secondary outcomes within the nursing home admission sample, namely death within 30 days of hospital discharge and death within 180 days of hospital discharge. 
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Statistical Analysis
Initial analyses characterized the distribution of patient and facility factors and study outcomes in each of the study samples. Within the hospital admission sample, we used logistic regression to measure the association between hospital factors and the odds of inhospital mortality. Within the nursing home admission sample, we fit separate logistic regression models to measure the association between selected hospital and nursing home factors and each of the outcomes named above while also adjusting for patient characteristics and admission year. Models used robust SEs that adjusted for clustering at the level of the hospital. 35, 36 We used the margins command in Stata to obtain marginal effects estimates for all model covariates.
x Analysis
To measure the relative contribution of hospital versus nursing home factors to outcomes, we used the o statistic, 37-39 a ratio which measures the relative contribution of different sets of predictors to the overall variance of a logistic regression model. In the present context, o is used to compare the variance contributed by hospital factors relative to nursing home factors for each of the 3 study outcomes based on a logistic regression model that includes covariates corresponding to hospital factors, nursing home factors, and patient factors.
With hospital characteristics in the numerator and nursing home characteristics in the denominator, o = 2 would mean that hospital characteristics explain twice the variation in the log odds of the outcome predicted by the logistic regression model than do nursing home characteristics; if o = 1, hospital and nursing home characteristics explain equivalent amounts of variation. For comparison, we also present information on 2 other o calculations. For both the hospital admission sample and the nursing home admission sample, we calculated a o value comparing the contribution of patient versus hospital characteristics for inhospital mortality (within the hospital admission sample) and for postdischarge outcomes (within the nursing home admission sample). Within the nursing home admission sample, we calculated an o value to compare the contribution of patient versus nursing home factors to postdischarge outcomes. A detailed description of the o calculation appears in the Supplemental Digital Content 1 (http://links.lww.com/MLR/ B304). For each o calculation, we tested the hypothesis that o differed from 1 using the 95% confidence interval (CI) of Silber and colleagues. 37, 38 Analyses were carried out using SAS version 9.3 (2010; SAS Institute, Cary, NC) and Stata version 14 (2015; StataCorp, College Station, TX). The Perelman School of Medicine IRB approved this study and waived the requirement for informed consent.
RESULTS
We identified 60,111 Medicare beneficiaries who were treated at a US hospital for an acute hip fracture over the study period and who resided in a nursing facility within the 180 days before fracture. We excluded 7070 patients who were totally dependent in locomotion before fracture, 5359 patients who did not have surgery, and 1686 patients who were transferred from another hospital. This resulted in a hospital admission sample of 45,996 patients.
We next excluded 1814 (3.9%) patients who died during hospitalization and 1401 (3.0%) patients who survived to discharge but did not receive care in a nursing facility within 180 days, yielding a nursing home admission sample of 42,781 patients, 91.7% of whom (39,249 patients) received care at the same nursing facility before and following their hospitalization. Within this sample, 3757 (8.8%) died within 30 days of discharge, 12,126 (28%) died within 180 days of discharge, and 20,479 (48%) either died or developed new total dependence in locomotion within 180 days (Fig. 1) . A total of 14,819 (34.6%) were readmitted to an acute care hospital within 180 days of discharge. Table 1 shows the characteristics of these 2 samples.
Within the hospital admission sample, patients admitted to hospitals in the lowest quartile of historical performance, as measured by O:E 30-day mortality ratio, had an increased probability of inhospital death compared with patients in the highest performing quartile (marginal effect: 0.0078, P = 0.019; Table 2 ) in adjusted models.
Within the nursing home admission sample, hospital resident-to-bed ratio and hospital market concentration were associated with differences in our composite outcome of death or new disability in locomotion at 180 days in adjusted models (marginal effect, resident-to-bed ratio: 0.0471, P = 0.048; market concentration: À 0.0614, P = 0.01, Table 3 ); adjusted 30-day mortality was greater at patients treated at facilities with higher versus lower historical riskadjusted mortality (marginal effect, highest vs. lowest quartile: 0.0105, P = 0.030). Other hospital characteristics were not significantly associated with study outcomes.
Multiple nursing home factors were associated with the study outcomes (Table 3) ; we observed modest associations between the primary study endpoint and nursing home chain ownership (marginal effect: À 0.0304, P < 0.001), presence of a full-time director of nursing (marginal effect: 0.0505, P = 0.007), and treatment in a nursing home with Z150 beds versus a facility with <100 beds (marginal effect: 0.0334, P < 0.001). All nursing home performance indicators demonstrated associations of small magnitude with the composite outcome, though the direction of these effects varied across measures. Hospital location (marginal effect: À 0.0316, P = 0.013) and presence of a full-time director of nursing (marginal effect: 0.0339, P = 0.019) were each associated with modest differences in 180-day mortality; nursing home market concentration was modestly associated with 30-day mortality (marginal effect: 0.1143, P = 0.033).
In o analyses, patient factors contributed substantially more than either nursing home or hospital factors to the overall variance in all study outcomes (Table 4) . Compared with nursing home factors, however, hospital factors accounted for a substantially lower amount of the overall variation observed in the odds of either of the postdischarge outcomes. Within the nursing home admission sample, the o value comparing the contribution of hospital to nursing home factors to the variation in the odds of new total dependence in locomotion or death was 0.12 (95% CI, 0.05, 0.31). For 30-day mortality, this value was 0.32 (95% CI, 0.11, 0.96); for 180-day mortality, it was 0.15 (95% CI, 0.04, 0.61).
DISCUSSION
Among previously ambulatory hip fracture patients who were residing in a nursing home in the 180 days before fracture, 4% died during hospitalization and 93% were discharged alive and received postacute care in a nursing home. Among the latter group of patients, one third died within 180 days of discharge and half either died or developed new total dependence in locomotion within 180 days.
Whereas patient characteristics represented the principal determinants of outcomes after hip fracture, selected hospital and postacute care facility characteristics were as- , and fracture location; hospital factors included in model: observed-to-expected 30-day mortality quartile, nurse-to-bed ratio, nurse skill mix, resident-to-bed ratio, forprofit status, hospital market concentration, and hospital size ( Table 2) .
w Patient factors included in model: age, sex, race, Charlson comorbidity score, prefracture ADL self-performance (MDS-ADL score), prefracture cognitive impairment (MDS-CPS score), and fracture location; hospital factors included in model: observed-to-expected 30-day mortality quartile, nurse-to-bed ratio, nurse skill mix, resident-to-bed ratio, forprofit status, hospital market concentration, and hospital size; nursing home factors included in model: ownership type (for-profit, nonprofit, government), location in a hospital, number of full-time physician extenders on staff, ownership by a multifacility organization, availability of a full-time RN director of nursing, facility bed count, occupancy rate, staff hours per resident day (registered nurses, licensed practical nurses, nurse aides), percentage of residents with Medicare as primary payer, percentage of residents with Medicaid as primary payer, nursing home market concentration, and facility performance on 7 nursing home compare measures (Table 3) .
ADL indicates Activities of Daily Living; CI, confidence interval; CPS, Cognitive Performance Scale; MDS, Minimum Data Set; N/A, not available.
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sociated with short-term and long-term outcomes. Among those patients discharged alive to a nursing facility, the characteristics of the index hospital explained a substantially smaller part of the variation in outcomes than did the characteristics of the nursing home. Compared with hospital factors, nursing home factors explained over 8 times more variation in a patient's probability of dying or being newly unable to walk at 180 days, approximately 7 times more variation in a patient's probability of dying at 180 days, and over 3 times more variation in a patients' probability of dying at 30 days. Our analysis identified modest associations between several individual hospital and postacute care facility factors and clinical outcomes. For several of the hospital and nursing home factors considered here, such as historical hospital risk-adjusted mortality, 17 nursing home size, 26 and nursing home occupancy, 27 observed associations were consistent with past research findings. Nonetheless, our findings of worsened 180-day outcomes at facilities using more physician extenders and those staffed by a full-time director of nursing run counter to prior findings in this area. 22 Further research may investigate whether these paradoxical findings may relate to differences in care processes across facilities that may use different staffing models, such as those that are and are not exempt from current nurse staffing regulations. 40 This work should be interpreted in the context of limitations. Our comparison of the contribution of hospital versus nursing home factors to variations in outcomes sample was restricted to patients who survived to hospital discharge. Nonetheless, as the vast majority of deaths in the first 180 days after hip fracture occurred after hospital discharge, our findings offer important insights into the relative contributions of acute care and postacute care facility factors to hip fracture outcomes overall. As we restricted our analysis to patients treated in nursing facilities after hospital discharge, our results do not speak of patients treated in other postacute care settings, such as home health care or acute inpatient rehabilitation.
As we focused on ambulatory patients, our findings may not be applicable to all hip fracture patients. Our sample included patients with varying durations of residence in nursing facilities in the 180 days before fracture, and did not examine specifically whether the associations we identified may have varied across patient groups that differed in terms of the duration of their nursing home residence before fracture. Our analyses incorporated a wide range of nursing facility and hospital-level variables to characterize institutions in which patients received care, including hospital performance rankings based on previously validated risk-adjusted mortality rates. Nonetheless, it is possible that additional information on processes of care, such as the average time spent by patients in skilled nursing for patients treated at a particular nursing home after fracture, could provide further insight on the relative contribution of hospitals versus nursing homes to outcomes. Although our models adjusted for a wide array of patient-level characteristics, including detailed information on prefracture functional and cognitive status, patients treated in different facilities may have differed in terms of baseline illness severity in ways not captured in our data, as sicker or healthier patients may be selected into certain nursing facilities or hospitals. As such, our analysis should not be taken to imply causality due our inability to rule out the possibility of residual confounding due to unmeasured differences in patient illness across facilities.
Despite these limitations, our work has important implications for both policy and practice. Policy initiatives such as bundled payments for acute and postacute care seek to improve the outcomes and efficiency of medical care by considering the care provided across different settings. Rahman et al 41 have recently demonstrated that, among Medicare patients discharged to a skilled nursing facility for postacute care, the skilled nursing facility's rehospitalization rate has greater influence on patients' risk of rehospitalization than does the discharging hospital. Alongside this work, our quantitative estimates of the relative contribution of care provided within individual settings to functional and survival outcomes can provide input to policy-makers and health care providers to help identify targets for quality improvement and inform strategies and to allocate resources within health systems to maximize the value of care that they provide.
CONCLUSIONS
Compared with hospital factors, nursing home characteristics explain a larger proportion of the variation in outcomes after hip fracture. Further quantitative and qualitative work may explore the impact of such factors on outcomes for older adults hospitalized for conditions other than hip fracture, as well as the processes within facilities that may help to explain the variations in outcomes observed here.
